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AntioxidantThe consumption of a palatable cafeteria diet and low consumption of fruits and vegetables are linked to over-
weight and obesity. In addition, these pathological conditions are associated with elevated markers of oxidative
stress. Acerola fruit contains high levels of vitamin C and rutin and exhibits corresponding antioxidant properties.
In this study, we investigated the antioxidant effects of acerola juice in different stages of maturity (unripe, ripe,
and industrial) and its main pharmacologically active components vitamin C and rutin, when given as food sup-
plements to cafeteria diet-fed mice. Swiss male mice were fed a standard (STA) or a cafeteria (CAF) diet for 13
weeks. The latter consisted of a variety of supermarket products with high energy content. This CAF diet in-
creased protein and lipid oxidative damage in the cortex, hippocampus, liver, kidney, and heart of CAF animals.
Subsequently, CAF mice were given additional diet supplements (acerola juices, vitamin C, or rutin) for one
month and the effects on the cortex, hippocampus, liver, kidney, and heart were examined. The results indicated
that food supplementation with unripe acerola juice led to a decrease of the diet-induced lipid and protein oxi-
dative damage in the hippocampus, liver, kidney, and heart. For ripe acerola juice, antioxidant beneﬁcial effects
were observed in the hippocampus. Industrial acerola juice was effective in the liver. Food supplementation
with vitamin C led to decreased oxidative damage in the cortex and liver, whereas rutin supplementation led
to decreased oxidative damage in hippocampus and heart samples. These ﬁndings suggest that acerola juice
helps reduce oxidative stress present under obesogenic conditions.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
The cafeteria diet is the best animal model to induce hyperphagia
(appetite dysregulation) and obesity (adipose tissue dysregulation)
similar to human studies of obesity (Amir Shafat, Murray, & Rumsey,
2009). The consumption of a so-calledmodernWestern lifestyle cafete-
ria diet, characterized by low-quality food (rich in saturated fat and re-
ﬁned sugar and poor in micronutrients), sedentary lifestyle, and low
consumption of fruits and vegetables are linked to overweight, obesity,
and the ability to develop cardiovascular and metabolic disorders (Berg
et al., 2014; Reichelt, Maniam, Westbrook, & Morris, 2015). In addition,
these pathological conditions are associated with elevated markers of
oxidative stress (Aschbacher et al., 2014; Keaney et al., 2003; Roest
et al., 2008). It is known that excess intake of fat and sugar leads to over-
supply of energy substrate, which increases the production of reactiveand Cellular Biology, Graduate
iences, University of Southern
Criciúma, SC, Brazil.
).oxygen species (ROS) bymitochondrial respiratory chain or NADPH ox-
idase causes oxidative stress and could contribute to the pathogenesis of
obesity (Anderson et al., 2009; Bonnefont-Rousselot, 2014; Picard &
Turnbull, 2013).
Oxidative stress occurs when there is an imbalance between high
cellular levels of ROS in relation to cellular antioxidant defenses
(Souza et al., 2007). Although ROS participate in normal physiological
processes, in excess they can cause oxidative damage to biomolecules,
cellular structures, and organ functions (Marcolin Mde et al., 2012). In
this context, the brain of obese individuals shows early impairment of
cognitive performance, which can lead to early onset of dementia
(Farr et al., 2008; Smith, Hay, Campbell, & Trollor, 2011).
Obesity also affects many another organs in the body, such as the
liver, kidney, and heart. Fatty liver, nephropathy, arthrosclerosis, and
cardiac dysfunction are common complications of obesity (Artham,
Lavie, Milani, & Ventura, 2008; Musaad & Haynes, 2007; Pi-Sunyer,
2002). Further, evidence shows that high-fat, diet-induced obesity is ac-
companied by increased hepatic, heart, and renal tissue oxidative stress
(Noeman, Hamooda, & Baalash, 2011). Indeed, obesity under oxidative
conditions favors the development of insulin resistance and metabolic
Fig. 1. Schematic diagram of acerola corrective treatments.
Table 1
Macronutrient composition of the diets.
Composition Standard diet
(2.96 Kcal/g)
Cafeteria diet
(4.12 Kcal/g)
g/100 g Kcal/100 g g/100 g Kcal/100 g
Protein 22.00 88.00 7.67 30.68
Carbohydrate 43.00 172.00 41.97 167.88
Saturated fat 4.00 36.00 23.76 213.84
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cytokines, so it could be of interest to associate antioxidant therapeutic
strategies with the treatment of this disease (Bonnefont-Rousselot,
2014).
Among the antioxidants, the acerola fruit (Malpighia emarginataDC.)
holds a special place, due to its antioxidant (Mezadri, Fernández-
Pachón, Villaño, García-Parrilla, & Troncoso, 2006; Mezadri, Villaño,
Fernández-Pachón, García-Parrilla, & Troncoso, 2008; Nunes et al.,
2011) and anti-inﬂammatory properties (Dias et al., 2014), thus, it
could have a therapeutic interest in the treatment of obesity. Moreover,
the antioxidant potential of acerola may be due to the presence of high
levels of vitamin C, and important ﬂavonoids such as rutin (Leffa et al.,
2014). Therefore, this studywas designed to investigate the therapeutic
potential of acerola juices, as a possible antioxidant agent, in animals
exposed to a palatable cafeteria diet.
2. Materials and methods
2.1. Acerola fruit samples
Ripe and unripe acerola cherries (M. emarginata DC.) were pur-
chased from the Nutrilite Farm (Ceará, Brazil), whereas industrial acer-
ola juice was obtained from Da Fruta® (Pernambuco, Brazil). The high-
performance liquid chromatography (HPLC) analyses conﬁrmed that all
types of acerola juice contained high levels of vitamin C and rutin. Data
were published in our previous study (Leffa et al., 2014).
Frozen ripe or unripe acerola cherries were received from the man-
ufacturer in packages of 1.5 kg. They were stored at –20 °C in packages
of 50 g until the experiments took place. Before the experiments,
cherries were thawed and processed in a food juicer and the juices
were administered to the animals by gavage. Industrial acerola juice
was stored at−4 °C. L-ascorbic acid (CAS Number 50-81-7) and rutin
hydrate (CAS Number 207671-50-9) were purchased from Sigma-
Aldrich (Porto Alegre, Brazil). In order to obtain the desired ﬁnal
doses, L-ascorbic acid and rutin were dissolved in distilled water imme-
diately before each experiment. All experiments were carried out under
minimal indirect light.
2.2. Animals
In this study, 42 healthy male Swiss albino mice (average body
weight: 25 ± 0.5 g; age: 5–6 weeks) were obtained from the Animal
Center of the University of Southern Santa Catarina (UNESC, Brazil).
All procedures involving animals and their care were carried out in ac-
cordance with national and international laws and guidelines for the
use of animals in biomedical research. Moreover, the experimental pro-
cedures were also approved by the local ethics committee for animal
use (CEUA — UNESC; Register No. 130/2011). Mice were randomized
by weight and housed in polycarbonate cages with steel wire tops (six
animals per cage). Cages were maintained at standard room tempera-
ture (22 ± 2 °C) and humidity (55 ± 10%) and were exposed to alter-
nating light/dark cycles of 12 h. Meticulous efforts were made in order
to ensure minimal suffering and reduction of external sources of stress,
pain, and discomfort for the animals. Only the minimum number of
animals necessary to produce reliable scientiﬁc data was used.
2.3. Experimental design
All the animals were allowed to acclimatize in their new environ-
ment for one week before the beginning of the experiments. The mice
were subsequently divided into a control group and a cafeteria diet
group. The control group consisted of six animals fed a standard diet
(STA), whereas the cafeteria diet group (CAF) was composed by 36 an-
imals. Both groupswere kept on their respective diet for 13weeks. After
this period, the mice of the CAF group were divided into six subgroups
(six animals per group), which were subjected to a treatment of0.1 mL/10 g/day of the following food supplements: water (1); unripe
acerola juice (2); ripe acerola juice (3); industrial acerola juice (4);
1 mg/kg/day of vitamin C (5); or 200 mg/kg/day of rutin (6). The sche-
matic diagram of acerola corrective treatment is presented in Fig. 1.
Administered doses of vitamin C and rutin were chosen according to
(Franke, Pra, da Silva, Erdtmann, & Henriques, 2005) and (La Casa,
Villegas, Alarcon de la Lastra, Motilva, & Martin Calero, 2000), respec-
tively. After one month of treatment with the food supplements, the
animals were killed by decapitation and cortex, hippocampus, liver, kid-
ney, and heart samples were collected for biochemical analysis.
2.4. Experimental diets
A palatable high-calorie CAF diet was devised in order to resemble
modern patterns of human food consumption, which leads to obesity
in lean animals (Shafat et al., 2009). The CAF diet used in this study
was adapted from a CAF diet previously described by Shafat et al.
(2009). Food in this CAF diet included chocolate crackers, wafers,
marshmallows, mortadella, hot dog sausages, cheese and bacon chips,
Doritos® chips, peanut candy, and calf's foot jelly. Finally, soft drinks
such as the popular guarana and cola were included as well. According
to calculations based on the package information provided by the man-
ufacturers, the CAF diet provides an average of 4.12 kcal/g. On the other
hand, according to the information provided by the manufacturer
(Nuvilab CR-1, NUVITAL®, Curitiba, PR, Brazil), the STA diet provides
2.96 kcal/g (see Table 1).
Food supplies of both STA and CAF diets were renewed daily in the
animal cages. The animals receiving the CAF diet also had access to
STA diet and water (weekly menus are outlined in Table 2). Our group
recently published that the animals' CAF diet submitted to the same
Table 2
Weekly menu of animals fed a cafeteria diet.
Days of week Food
Monday Mortadella, marshmallow, cheese chips, chocolate wafer,
chow Nuvilab®, water, and Guaraná soft drink
Tuesday Chocolate crackers, Doritos®, chow Nuvilab®, sausage hot
dog, water, and Guaraná soft drink
Wednesday Paçoca peanuts, chow Nuvilab®, mortadella, cheese chips,
water, and Guaraná soft drink
Thursday Mortadella, chocolate wafer, calf's foot jelly, Doritos®,
chow Nuvilab®, water, and cola soft drink
Friday, Saturday,
and Sunday
Chocolate crackers, chow Nuvilab®, sausage hot dog, bacon
chips, marshmallow, water, and cola soft drink
651D.D. Leffa et al. / Food Research International 77 (2015) 649–656experimental design developed obesity according to the feed efﬁciency
parameter and presented glucose intolerance (Leffa et al., 2014). In ad-
dition, we also showed that the CAF group (obese control) showed a
signiﬁcant increase in their adiposity indices and triacylglycerol levels
(Dias et al., 2014).
2.5. Tissue and homogenate preparation
On the day of the experiments, the animals were killed by decapita-
tion without anesthesia, and the brain was rapidly excised on a Petri
dish placed on ice. The olfactory bulbs, pons, medulla, cerebellum, and
striatum were discarded, and the cerebral cortex and hippocampus
were separately peeled away from the subcortical structures, weighed,
and homogenized in 10 volumes (1:10, w/v) of 20 mM sodium
phosphate buffer, pH 7.4 containing 140 mM KCl. Afterward, the liver,Fig. 2.Oxidative damage in lipids through thiobarbituric acid reactive substance (TBARS)measu
diet (STA) or a cafeteria diet (CAF) plus unripe, ripe, or industrial acerola juice or isolated cons
deviation (n= 5–6) and are expressed as nmol/mg of protein. **p b 0.01, ***p b 0.001 comparedkidney, and heart were collected, weighed, and homogenized as de-
scribed earlier. Homogenates were centrifuged at 750 ×g for 10 min
at 4 °C to discard nuclei and cell debris (Evelson et al., 2001). The
pellet was discarded; the supernatant, a suspension of mixed and
preserved organelles, including mitochondria, was separated; and
aliquots were taken to measure the values of TBA-RS levels and sulf-
hydryl content.2.5.1. TBA-RS levels
TBA-RS was determined according to the method of Esterbauer and
Cheeseman (1990). A calibration curve was performed using 1,1,3,3-
tetramethoxypropane, and each curve point was subjected to the
same treatment as the supernatants. TBA-RS values were calculated as
nmol of TBA-RS/mg of protein-1.2.5.2. Sulfhydryl (thiol) group oxidation
This assay is based on the reduction of 5,5′-dithio-bis(2-nitrobenzoic
acid) (DTNB) by thiols, generating a yellow derivative (2-nitro-5-
thiobenzoic acid; TNB) whose absorption is measured spectrophoto-
metrically at 412 nm (Aksenov & Markesbery, 2001). The protein-
bound sulfhydryl content is inversely correlated to oxidative damage
to proteins. Results were reported as nmol TNB/mg of protein-1.2.5.2.1. Protein determination. Protein was measured by the method of
Lowry, Rosebrough, Farr, and Randall (1951) using bovine serum albu-
min as a standard.rement (A) and free SHgroups in proteins (B) in the cortex ofmice treatedwith a standard
tituents from acerola juices, vitamin C, or rutin. Data were calculated as mean ± standard
with STA+water; #p b 0.05 compared with CAF+water (Duncanmultiple-range test).
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The results are presented as the mean ± the standard deviation. All
of the assays of biochemical analysis were performed in duplicate, and
themeanwas used for statistical analysis. One-way analysis of variance
(ANOVA) followed by Duncan's multiple-range post-hoc test was used
for the comparison of the means. The differences between the groups
were considered signiﬁcant at p ≤ 0.05. All of the analyses were carried
out on an IBM-compatible PC computer using the Statistical Package for
the Social Sciences (SPSS 19.0) software (Armonk, NY, USA).3. Results
We evaluated the oxidative damage in the cortex, hippocampus,
liver, kidney, and heart in mice treated with a standard diet or a cafete-
ria diet plus unripe, ripe, or industrial acerola juice or isolated constitu-
ents from acerola juices, vitamin C, or rutin. When we veriﬁed both the
diets administered, malondialdehyde (MDA) levels such as lipid perox-
idation marker were signiﬁcantly enhanced and free sulfhydryl (SH)
group proteins were signiﬁcantly diminished in a cafeteria diet when
compared with those results founded in the standard diet for all ana-
lyzed samples (Fig. 2A, B, Fig. 3A, B, Fig. 4A, B, Fig. 5A, B, Fig. 6A and B).
Whenwe analyzed the protective effect of supplementation food ac-
erola juices and its isolated compounds in the cortex, the unripe acerola
juice, vitamin C and rutin were capable to reduce signiﬁcantly theMDA
levels (Fig. 2A). In relation to TNB levels the ripe and industrial acerola
juices and vitamin C were signiﬁcantly higher than cafeteria diet levels
(Fig. 2B). In the hippocampus, unripe and ripe acerola juices and rutin
signiﬁcantly reduced the MDA levels, whereas unripe and ripe acerolaFig. 3.Oxidative damage in lipids through thiobarbituric acid reactive substance (TBARS)meas
standard diet (STA) or a cafeteria diet (CAF) plus unripe, ripe, or industrial acerola juice or isol
standard deviation (n = 5–6) and are expressed as nmol/mg of protein. **p b 0.01, ***p b 0.001
range test).juices and vitamin C and rutin signiﬁcantly enhanced the SH groups in
relation to cafeteria diet group (Fig. 3A and B).When the liver was eval-
uated, all treatments were signiﬁcantly capable to reversed the lipid
peroxidation. However when the protein oxidation was evaluated, just
unripe and industrial acerola juices and vitamin C improved thiols
groups (Fig. 4A and B). In the kidney, unripe acerola juice and rutin stat-
ically decreased MDA levels and all acerola juices and vitamin C in-
creased TNB levels (Fig. 5A and B). When the heart was analyzed, all
treatmentswere effective against lipid damagewhile just unripe acerola
juice and rutin were able to improve SH groups (Fig. 6A and B).4. Discussion
Cafeteria diet-induced obesity is associated with oxidative stress, an
imbalance between increased ROS levels, and decreased antioxidant de-
fenses (Carillon et al., 2013). The most common ROS are superoxide
anion (O2−), hydroxyl radicals (OH●), and hydrogen peroxide (H2O2)
(Chidambaram& Carani Venkatraman, 2010). These species are capable
of initiating and promoting oxidative damage to the major biomole-
cules, such asmembrane lipids, protein, and DNA, and they are believed
to be involved in many metabolic, degenerative, and inﬂammatory
health disorders and in conditions such as insulin resistance and dyslip-
idemia (Chidambaram & Carani Venkatraman, 2010).
In this study, we can observe an increased level in lipid peroxidation
and a decreased level in free SH groups in proteins in the cortex, hippo-
campus, liver, kidney, and heart of cafeteria diet-fed animals. The SH
group constitutes the compound thiols, such as glutathione (GSH), cys-
teine (Cys), homocysteine (HCys), and protein thiols, and it constitutes
an important thioldisulﬁde redox buffer. Among all the antioxidantsurement (A) and free SH groups in proteins (B) in the hippocampus of mice treated with a
ated constituents from acerola juices, vitamin C, or rutin. Data were calculated as mean ±
compared with STA+water; #p b 0.05 compared with CAF + water (Duncan multiple-
Fig. 4.Oxidative damage in lipids through thiobarbituric acid reactive substance (TBARS) measurement (A) and free SH groups in proteins (B) in the liver of mice treated with a standard
diet (STA) or a cafeteria diet (CAF) plus unripe, ripe, or industrial acerola juice or isolated constituents from acerola juices, vitamin C, or rutin. Data were calculated as mean ± standard
deviation (n = 5–6) and are expressed as nmol/mg of protein. ***p b 0.001 compared with STA + water; #p b 0.05 compared with CAF + water (Duncan multiple-range test).
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total body antioxidants and they play a signiﬁcant role in defense
against ROS (Wlodek et al., 2010).
However, uptake of exogenous antioxidants, such as dietary antiox-
idants, fruits, and vegetables, is suggested to beneﬁcially interfere with
diseases-related oxidative stress, preventing or decreasing oxidative
stress-induced damage (Mangge, Becker, Fuchs, & Gostner, 2014;
Slavin & Lloyd, 2012). In this work, generically in all structures, the acer-
ola juices as well as food supplements vitamin C and rutin were able to
reduce lipid peroxidation and increase free SH-thiols. These protective
effects can be related with a complex mixture of antioxidants present
in the acerola fruit that has high levels of ascorbic acid, carotenoids,
and polyphenols (including quercetin and rutin) (Schreckinger,
Lotton, Lila, & de Mejia, 2010). Since these bioactive ingredients are
able to reduce or prevent oxidative stress levels by scavenge-free radi-
cals, ROS are generated by cellular metabolism or exogenous sources
(Dusman et al., 2014). Thus, these agents promote reduced oxidation
and, subsequently, prevent attacks that occur on lipids, proteins, en-
zymes, carbohydrates, andDNA, which, in turn, help prevent cellular in-
juries and loss of cellular integrity (Ratnam, Ankola, Bhardwaj, Sahana,
& Kumar, 2006).
Indeed, the unripe acerola juice is effective for lipid and protein in all
tissue analyzed,with the exception of the cortex. Ripe acerola juice has a
pronounced effect in the hippocampus; industrial acerola juice, in the
liver; vitamin C, in the cortex and liver; and rutin hippocampus and
heart samples, with regard to MDA and TNB levels. This could be ex-
plained by the use ofM. emarginata DC. during different stages of matu-
rity and also by additional synergetic effects between the individual
phytochemical components in acerola compared with isolated phyto-
chemical constituents (Guo, Wei, & Liu, 2007). However, Al-Rejaie,Abuohashish, Alkhamees, Aleisa, and Alroujayee (2012) demonstrated
the protective effects of rutin and ascorbic acid supplementation on
high-cholesterol diet-induced nephrotoxicity that was augmented by
following the combination of rutin and vitamin C when compared
with the administration of these antioxidants alone. According to
these ﬁndings, we demonstrated that unripe acerola juice wasmore ef-
fective against cafeteria-diet-induced oxidative damage.
The acerola fruit present green color when it is unripe and red tones
when it is mature (Mezadri et al., 2006; Nunes et al., 2011). This fruit
contents macro and micronutrients: proteins, fats, carbohydrates, min-
eral salts and vitamins (Mezadri et al., 2006). Its high content in vitamin
C (695 a 4827mg/100 g) is remarkable and acerola also presents carot-
enoids and bioﬂavonoids which provide important nutritive value and
its potential use as antioxidant (Mezadri et al., 2006; Mezadri et al.,
2008; Nunes et al., 2011; Nunes et al., 2013).
In addition, unripe acerola has been demonstrated to present greater
antioxidant potential and vitamin C than mature acerola; on the other
hand, carotenoid pigments and phenol compounds aremore expressive
with regard to the natural or industrial mature acerola (Leffa et al.,
2014; Nunes et al., 2011). Besides, vitamin C and rutin have been report-
ed to be strong antioxidants and radical scavengers Guo et al. (2007)
that readily permeate the blood–brain barrier and provide neuroprotec-
tion (Rice, 2000; Youdim, Qaiser, Begley, Rice-Evans, & Abbott, 2004).
Moreover, in the hippocampus and liver tissue of cafeteria diet-fed
mice, we found greater antioxidant action of acerola juices and vitamin
C or rutin comparedwith the other biological samples. Indeed, these or-
gans are involved with obesity. Darling, Ross, Bartness, and Parent
(2013) showed that obesity-model animals present impaired
hippocampal-dependent memory and fatty liver. Increases in liver
lipid concentrations in rodents cause metabolic dysfunctions such as
Fig. 5.Oxidative damage in lipids through thiobarbituric acid reactive substance (TBARS)measurement (A) and free SHgroups inproteins (B) in the kidney ofmice treatedwith a standard
diet (STA) or a cafeteria diet (CAF) plus unripe, ripe, or industrial acerola juice or isolated constituents from acerola juices, vitamin C, or rutin. Data were calculated as mean ± standard
deviation (n = 5–6) and are expressed as nmol/mg of protein. **p b 0.01 compared with STA + water; #p b 0.05 compared with CAF + water (Duncan multiple-range test).
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2012; Ruiz-Ramirez et al., 2011), and alterations in lipid homeostasis (Ai
et al., 2011) that contribute to the memory-impairing effects of obese
animals (Farr et al., 2008; Mielke et al., 2005; Stranahan et al., 2008).
On the other hand, natural antioxidants can aid in repairing the vis-
ceral biological damage caused by the intake of a cafeteria diet. A previ-
ous study from our research laboratory showed that the use of acerola
juice as a food supplement, ascorbic acid, and rutin, can help protect
or repair the damage to the DNA in mice fed a high-fat diet (Leffa
et al., 2014).
Furthermore, Garcia-Diaz, Campion, Milagro, and Martinez (2007)
showed the protective effects of vitamin C supplementation in animals
fed a high-fat diet during 56 days; the cafeteria group presented apelin
subcutaneous mRNA expression, an adipokine that has been associated
to obesity and insulin resistance. This increase was higher than that in
the control group and was also partially reversed by dietary vitamin C
supplementation. Moreover, there were statistically signiﬁcant associa-
tions between subcutaneous apelin gene expression and serum leptin,
liverMDA levels, and leptin, IRS-3, and IL-1ra retroperitoneal mRNA ex-
pression. These conditions can be associated with the excessive weight
gain induced by high-fat feeding and increased adiposity, insulin resis-
tance, liver oxidative stress, and inﬂammation. Beyond this study,
other works showed the beneﬁcial effects on gene expression and adi-
posity reduction induced by ascorbic acid supplementation in an animal
model of diet-induced obesity (Boque, Campion, Milagro, Moreno-
Aliaga, & Martinez, 2009; Campion, Milagro, Fernandez, & Martinez,
2006, 2008).
In relation to the ﬂavonol rutin, Kamalakkannan and Prince (2006)
found that the oral administration of rutin (100 mg/kg) for a period of
45 days signiﬁcantly decreased fasting plasma glucose, increased insulinlevels, and improved the antioxidant status of diabetic rats by decreas-
ing lipid peroxidative products and increasing enzymic andnonenzymic
antioxidants in the liver, kidney, and brain (Kamalakkannan & Prince,
2006). Panchal, Poudyal, Arumugam, and Brown (2011) found that
rutin reversed or prevented metabolic changes such as abdominal fat
pads and glucose tolerance, reversed or prevented changes in hepatic
and cardiovascular structure and function, reversed oxidative stress
and inﬂammation in the liver and heart, and normalized the expression
of liver markers in high-carbohydrate, high-fat diet-fed rats. Hsu, Wu,
Huang, and Yen (2009) showed that intake of rutin was beneﬁcial for
the suppression of high-fat diet-induced dyslipidemia, hepatosteatosis,
and oxidative stress in rats.
5. Conclusions
To the best of our knowledge, this is the ﬁrst study investigating the
possible antioxidant effects of acerola juice food supplements in mice
fed a palatable diet. Since an intake that is rich in sugar and a fat diet
is mainly associated with increased levels of oxidative stress, the use
of plant-based food supplements with antioxidant properties can be
used in order to prevent or treat chronic diseases such as obesity. Our
results suggest that the use of acerola juice as a vitamin C and rutin
may prevent the oxidative damage in animals fed a cafeteria diet. There-
fore, acerola juice can be recommended as part of a healthy diet for
obese individuals.
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